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AN OPERATIONAL DECISION MODEL EMPLOYING
OPERATIONAL AND ENVIRONMENTAL FACTORS

I, Introduction !

The meteorologist engaged in operational forecasting is constently striving to improve
his forecast. Nevertheless, the ultimate in forecasting skill, that of predicting all future
meteorological events exactly correct, is beyond him now and will ~main beyond his reach in
the foreseeable future, Thus, in all weather forecasts there will r-nain a certain degree of
uncertainty, Whether this ancertaiaty is a hindrance to the user of the weather information
or not is highly dependent upon the type of activity being planned and, consequently, in most
cases is quite variabvle, (Ehe thesis of this Technical Note is the demonstration of & means
which will provide a measure of the degree of usefulness of meteorological information under
various situationgZ)

The measure of the usefulness and also the effectiveness of weather information can bve
determined by applying well-known rules of decision theory to operational situastions which are
affected in some way by meteorological phenomena, This approach is not new and an excellent
historical development can be found in a paper by Glahn [l]. The pioneering efforts of Glahn
did not go unnoticed., Cummings [2] pointed out the value and need of such an approach. Sub-
sequently, Huschke and Rapp [3) performed a similar analysis of a broadscale, relatively-
complex, military operation. In another study Huschke [4) discussed the use of meteorological
decision theory in planning requirements and specifications of weapons systems., Rapp (5]
developed a simple model to stress the usefulness of weather information in activities ranging
from the simplest to the most complex,

The information to be gained from anglyses such as those mentioned above is invaluable to
the decision-meker, In the same respect, the AWS forecaster must impart es much pertinent
information as possible to his customer and, because of this, it is imperative that procedures
like those discussed here are not overlooked, Indeed, an analysis of this type is an excel-
lent vehicle to further enhance /WS-customer relationships since it reguires strong inter-
action between AWS personnel and user agencie.,. Active user participation in this type of
analysis is a prerequisite to obtaining meaningful results. (This requirement has beep re-
peatedly stressed by Huschke (6] in establishing guidelines for studies of this type.)

II, The Concept,

In actuality, most, if not all, inputs to a decision are uncertain; it is the degree and
gquantification of this uncertainty that provides useful information to the decision-maker,
Murthermore, measurements of uncertainties must be in terms that the operational decision-
maker can easily understand and use,

In evaluating the erfectiveness of meteorological information, the principal uncertriuty
must necessarily be the meteorological information itself and the task of quantifying that in-
formation belongs to the meteorological community.

With this in mind, the basic concept is to model various operational environments with
weather conditions or parameters as tne sole inhibiting factor (in a "simple" model). It must

be assumed at the ovtset that decisions regarding otker varisbles within the problem are
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correct. 'Thus, the end result is a true measure of the contribution of meteorological informa-
tion,

A simple model will adequately serve to exemplify the uses and elso the importance of a
decision theory approach. Rather than use an actusl operatioual situation, it was considered
more feasible to contrive a simple, but somewhai{ realistic, situation for illustrative purposes.
Even so, the meteorclogical data used in this model were obtained from actual climatological
records.,

III. The Procedure

The basic methodology employed in the ensuing decision-model is that espoused in a book
on decision theory by Chernoff and Moses [7}. By combining conditional probebilities, clima-
tological probabilities, and operational loss values for specified actions in the manner to be
described below, one can obtain "optimum" operational strategies, Conditional probabilities
comprise the "experimental matrix". This matrix contains protabilities that a particular fore-
cast category (Fk) for some met~orological variable will have been forecast, given that a
particular observational category ( 01) occurs. These probebilities are represented in the
text by P(Fklei). Climatological probabilities, collectively termed the "climatology vector",
represent the probabilities of occurrence of the observational categories based on past records.
These probabilities are represented in the text by P(Gi). The "loss table" contains opera~-
tiunal costs incurred for particular actions (AJ) vhen specified observational categories
occur. These values are represented by L(Bi,AJ). All of the above values are combined to ob-
tain expected (long-run average) losses by observational category, L(Oi,sq), and, subsequently,
the expected loss for each of the possible sirategies, L(Sq). The strategy which is opera-
tionally feasible and shows the mirimum loss is then selected as the optimum strategy. In this
case, a strategy is defined as a vector (S ) composed of the actions taken corresponding to
each forecast category. Thus, Sq = (AJ(Fl)’ AJ(FE)’ e e ey AJ(Fr))' Sq is equivalent to
"acvlon order" in the attached computer program. For the above variables, the subscript
limits are &s follows: 1 =1, ., ., m; ‘= , ...,n k=12 ,,,r4q=1 ..., %t A
symbolic and conceptual representation ogi;he above decision-model is shown in Figure 1. The
actual procedure for computing the L(Sq) 1s discussed below,

In many instances the use of a computer would be necessary for computing the L(Sq) since
many strategies can result from having only a few forecast categories and a few actions, The
totel number of possible strategies for a given problem is equal to the number of possible
actions raised to a power equaling the number of forecast categories, Thus, if there are &
possible actions and 3 forecast categories, there are 43 or 64 strategies that must be simu-
lated. If a computer is used to calculatz the losses, large numbere of strategies can be ex~
amined,

In their study Cbernoff and Moses (7} approach the decision problem in several ways, The
technique presented in this technical note is but one of their methods, however, it is felt to
be an extremely useful one, Even so, more investigation into the field of decision theory must
be accomplished before the best wethod can be determineu for each specific type of problem.
Elaboration on the method chosen for this study follows.

A single procedure is followed to determine the expected losse. for all strategies in a

2
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given problem. The procedure takes into consideration the cost of taking specified actions
under specified observational calegories and the probabilities associated with the occurrence
of the observational categories and the forecast categories. The first procedural step to
compute the expected loss for a given strategy, Sq, is to determine the conditional probability
for each action with respect to each cbservational category, P(AJ[Oi). This is done by summing
the conditional protabilities for each occurrence of e particular AJ in the strategy ventor,
Sq. Probabilities of occurrence for each action are thus obtained for each observational
category. The second step is to multiply the loss value for each ection/observational—
category combination by the respective action-probability-of-occurrence value obtained in the
first step. The third step is to multiply each result frowm the second step by the appropriste
observational-category-probability-of-occurrence value (climatological probability). The final
5 :p is to sum the results of the third step to obtain the expected value of the loss that
would result if Sq were implemented., (The above procedure is presented in symbolic fashion in
Figure 2.) This procedure is subsequently followed for each Sq, whe.eupon that strategy which
is feasible and has the minimum expected loss is selected as the optimum strategy.

STEP 1: Compute Pq(AJ|Bi) for all 1's and j's;

p(7g18,) {2‘?)] ﬂ
: k

L
k=1

where Pq(AJlei) =

with fJ=l if h = §

Lso ir h—.flg

where Ah is that acticn taken where Fk is given for

Strategy Vector Sq.

STEP 2: Compute L(ei, AJ) pq(Ajlei) for all i's and j's
STEP 3: Compute L(Oi, Sq) for all !'s and j's;
where L(Oi, sq) = P(ui) L(Bi, AJ) Pq(AJ|91)

STEP 4: Compute L(Sq);

m
where L(Sq) = Z L8, s_)
i=1
mon
) Z‘P(ai) L(8;, A;) P (A, ]0;)
1=1 J:_L

Figure 2

Procedure for Computing Expected Loss for Strategy Sq
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The above technique is best iilus-rated in the use of a simple, but somewhat reslistic,
operationel~decision problem, First, a ccenario for the problem is presented, followed by a
listing of the operational and envircnmental data used for the protlex, A dry-run will then
be performed on two of the strategies to illustrate the above proceduse, Following this, a
description of a computer program which applies the above principles will be preseuted.

IV, Scenario and Dry=-Run,

The scenario will corsist of a logistical mission to resupply Base ¢, Aircraft are to
depart from Base X with the intention of resupplying Base Y, The surface visibility at Base
X is considered to be the critical factor in determining whether or not th: aircraft should
depart for Base Y, Weather at Base Y is assumed to be good in this simplitlied model (in other
words, weather at Base Y is not considered to be a significant factor in the mission compie~
tion, e.g., supplies can be paradropped into Base Y). The aircraft masy rely on only C6Z and
127 forecasts of visibility for Base X (made at 00Z and 06Z, respeciively). The observation
times are also 062 and 12z, The forecast and observational categories also include the same
visibility intervals(® 3 miles, < 3 miles). It is risky for the aircraft to take off when the
visibility is less “han 3 miles, In addition, the planes must depart at either 26Z or 12z,
There are three possible actlions that can be taken as a result of a particular forecast.

These actions are as follows: = takeoff -~ cequires 2 hours preparation time prior to

A
departure; A, = rancel mission i- i.e., mission failure; A3 = delay 6 hours,

Operat’l  \al losses are distributed as tollows: A loss of 1 unit will be incurred for
each hour of delay (takes into consideration manhcurs 2ost to idle«time, idle planes eni
equipment, etc.). A loss of 2 units will be incurred for each hour of preparation time re-
quired (for fuel, maintenance, man-hours, etc.). A loss of 7 units will occur for each
mission completion (due to fuel consumed enroute, wear and tear on equipment, etc.). A loss
of 5 units will result from a wrong decision (e.g., action Al = takeoff is taken when obseciva-
tional category 9] = <3 miles occurs). Finally, & loss of 20 uni%s is incurred for failing
to complete the mission (this value may be a quantification of the need for supplies at Base
v).

Figure 3 contains the lcss table, climatology vector, and the experimental matrix for
the sample problem., For this example, the experimental matrix has been constructed using a
persistence forecast (l.e., persistence probability values were used to coustruct the matrix).
The loss tuvle was determined in a somewhat subjective manner by the authors, and assumes that
the decision-maker will follow the chosen strategy repardless of the consequences, Remember,
the object is to pick that strategy which will result in the lowest long-run average loss.
The best strategy may backfire on occasion, but it shculd do so less often than tiv other

possible strategies. The climatology vector and the experimental mairix arc, oi have “een
derived from, real data, The loss table was constructed by summing the possible lossaen
according to the criteria cited in the previous paragraph with respect to the possible cnn-
binations of action and observational category. For example, if the observational category
is <3 miles, and the action implemented is a takeoff, considerable cost could be incurred,
There will be & loss of 4 units for 2 hours of preparation time, There will also be a 5-unit
loss for making a wrong decision, and a 20-unit loss for failing to complete tue mission,
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TAKEOFF  CANCEL OELAY

e et e

A, A, A,
<3 mi. 6, 29 20 6 <3 m.0| .3
23 mi. 6, 1] 25 1 z3ml.6,} .69
L.OSS TABLE CLIMATOLOGY
VECTOR

<3mi. 23m
F Fa

<3mi.g | 47 | .53 f
—

23 ml.e,| .05 | .95 |

{
EXPERIMENTAL i
MATRIX |

{F, and F, volid for 06 Z but forecast at OO Z; 6, and 6, valid for 062)

Figure 3, Data for Sample Problems

Thus, the total loss for this combination of action and observational category is 29 units,

_ The set of tables and data shown in Figure 3 is vaiid for the 00Z decision time (i.e., a
decision as to the action to be taken is made as a result of the forecast 1¢sued at 00Z. An
extension o1 the model would be to recycle the procedures stated above in ccnjunction with a
new set of data for the 06Z decision time as would be required in the case ¢f a "delay" action
from the first cycle, The method of conbining costs for the two decision periods;, in the case
of a delay from the first period,may seem obvious at first glance but further corsidecation
raveais this not to be true, Since it is not clear to the authors how 1o best combine the two
sets of data t- obtain viable results, this Note contains an exposition of the procedure and
results when dealing with one cycle only.

Given the above data and assumptions, a dry run will now oe undertaken for the first and
elghth strategies in this example to illustrate the technlique more clearly. Since, in this
problem, there are three actions and two forecast catsgories, we have 33 or 9 pussible strate-
gles, By performing an ordered permutation, it can be scon that S, = (Al,Al) and Sg = (A3,A2).
According tc the procedure outlined above, these sirategivs can be represented as follows:
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L(Sl) L(eln Sl) + L(eai Sl)

L]

B(0)) (L(8), A))P) (A 16)) + L(8), A,)P) (A;16)) + L(8), A)P, (A510,)] +
P(8,) [L(8, A)P (4,{0,) + L8, 4,)P (A,]0,) + L(8,, AP, (a,16,)]
L(Sg) = L(8;, 8g) + L(8,, Sg)

= P(8)) [L(8), A )Py (A 18)) + L(9), A,)Pg (A,[8)) + L(8), A,)Pg (A,18))) +

P(8) (L0 A))Pg (A 18)) + L(6y 45)Pg (Ay]8) + (6, A,)7g (A5]8,)]

Referring to rigure 3 and -he above equations, L(Sl) and L(SS) can be computed as follows:
L(Sl) = .31 X [29XL + 20X0 + 6X0) + .69 X [11X1 + 25X0 + 11X0) = 16,58 units
L{8g) = .31 X [29X0 + 20X.53 + 6X .47] + ,69X(12X0 + 25X.95 + 11X.05] = 20,93 units

Each of the other strategies is computed in the same manner with the lowest cost, operation-
ally-feasitle strategy being selected as the optimum,
V. Computer Frogram,

As mentioned previously, a ccmputer program has been written which performs the above
calculutions. The program is written in FORTRAN IV for use by personnel not especially program-
oriented. It was designed and programmed on a DEC PDP-10 which was accessed in a time-sharing
mode using & Teletype 33 terminsl. The program operates in a "conversational" status, in that
it ellows the user to "converse" with the program as to how the program works, wbat data are
required for input, what options are available, and what type of output is available, A come
plete listing of the program, including appropriate documentation is contained in Attachment 1,
A sample execution run of the program is contained in Attachment 2,

VI, Conclusiou,

This program could provide operations or planning personnel with the capability of obtain-
ing pertinent deciion-making information in a short period of time, provided the computer
capability is reudily available, If ©the program were implemented in conjunction with a
cathode ray tube (CRT) display terminal, even faster response and greater effectiveness of the
decision-making tool could be realized., The present program is capable of handling up to
3,12, strategies (5%), but could be eusily expanded to include more meteorological variables
and more diversified actions; thus, providing the user with greater flexibility. However, the
run times and other costs for enhancements of this type are definitely increased and a cost/
benefit analysis would have to be performed to determine the feasibility of the more complica-
ted models, For example, & prublem that contains 10 possible actions and 6 forecast categories
would require that 1,000,0uv scrategies be simulated, which could run a considerable length of
time, depending on the type of computer hardvare used,

The concept of combining the operaticial and meteorological information is the important
factor considered in thirs study, The specific decision-theory approach presented here may or
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may not be the best way to go. It is, however, a step toward the ultimate goel of minimizing
loss of resources over the long-run, There ig 2 definite need for move study in this area of

improving operational decision-making through the interaction of environmental and operational
factors.
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7YAND SOV/' ONs UNTIL THE NUMBFR IN THE RIGHTMOST POSITION OF ',
EVTHE SEQUENCE' /' REFRFSENTS THAT ACTION T6 EF TAKFN IF THE 1y
S'LAST FORFCAST CATEGORY! /' 1S FORFCASTo THE ACTTON ORDER 't
L'THUS BECOMES A STRATEGY (Iofos A'/1 SET OF DECISION RULES) 1y
2YFOR THE CSCISION-MAKERo ')

TYPE 10063

H)-om\lmlnzm'\}o—u

NN LI -
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'3 CUSARETACOMINLOSoFHSL  FRL 41-ALi5-72 SlgaM FAGE 1

e
)

1003 FORMAT ('0R0TS OF RUCKILIY///)
£Q0 TYPE 1304
1004 CSORMAT (.'0NOo.OF ACTIONS =i/)
T ACCEPT 10059 MACTMS
1005 FORMAT (11)
- TYPE 1040
1010 FORMAT .('ONOo OF N5S CAVTEGORILCS =%/)
. ACCEPT 1045, NSTATE
1015 FORMAT (1)
TYPE 1020 :
4020 FORMAT ('0NOo OF FCST CATEGORIES =!/)
ACCEPT 1025, uosq
1025 FORMAT (11)
TYPE 1340
4000 FORMAT ('0LOSSES C(INCLUDF DECIMAL POINTItW/)
N0 1 I=1yNSTATE
D0 1 J=s1sNACTNS
TYPE 104Uy [4J
1004 FORMAT C'0CHaltsvstyTisty =17y
ACCEPT 1085, LOSTA3(IsJ)
1045 FORMAT (Fle2)
i CONTIMUE
TYPL 1030
1070 FORMAT ('QCLIME ®RORARILITIES:!/)
N0 7 I=1sMSTATE "
TYPE 10345l .
104 FORMAT ('0¢V 911y =1/)
. KCCEPY 107%» APRICR(I)
1078 FORMAT (Flge2)
T CONTINUE
TYPE 1050
105G FORMAT (JO0CONDITIONAL PROBABILITIRES3Y/)
* W00 2 LsiiNSTATE
Ne 2 J=1,N08S
TYPE {054, 1sJ
1054 FORMAT (H0('aldststyldut) = 1/)
ACCEPT 1055y FXPTANC(INY)
1055 FORMAT (Fle2)
2 CONTINUE
¢ }
C %wpx» LOADING REOUIRTEC FOPMAT LINF BASZD OGN THE MUMRFR OF FORFCAST
C %vunx CATEGORIES,

C
BC 45 NWhR=1,58
KFORMT (NWD)=IF ORMT (NWN,HNOPS-~1)
45 CONTINUE
MN=0
¢ .
C w¥wuwww COMPUTING .THE NI'MBFR OF STRATEGI:=So

T W R R TR




N TE TS, =

o8 ~<U s FETAC)VIML0°9 431 BRI 11-AUG-72 551 84M PASE 1:l

METRATENACTNSK *NOSS
. MRROUT=NSTRAT
c
C wexan QUESTIONS AND INPUT TO [ETFOMINE 15 SORTEC OUTPUT 1S CESIAFD,
TG wawsk AND IF S0 HOW MANY STRATEGIES AFE TO EE SORTEL

¢
c rvpz io7¢
1075 FORMAT (1020 YOU WANT THE STRATEGIES SORTED 9Y L 0SS, AND LISTEDI,
1 *OIN ASCENPINGY /1 ORDFR? C(YES OR HO) '/
. ACCEPT 100y SORTED

L0 FORRAT (A .
IF (SORTEDoNELYES) GO TC 4
TVOE 403K
1025 GCRKAT ('OHOM MANY STRATEGIES WOULD YOU LIKE LISTEI2.'/
1 ' (2=NIGTT INTCEFR-~MAX IS £0)1/)
ACCEPT 1090, N2ZROLT
10°C FORNAT (12)

¢ : -
C wpwxw COMPUTING STRATFGY LOSS VALUES USING PAYCSIAN APOROACH,
C. wanx FOR DETAILED EXPLANATION OF THE BAYESIAN kTTH0N REFER TO
'C wwawr WELEMENTARY DECICSION THEORY" BY CHERNOFF AND MOSES (CHAPYERS 1
T wxma» AND 4)3 PUBLISHED RY WILEYs COPYRIGHT 195%a
:"c . B .
U4 DO 10 NER=1sNSTRAT
CALL ACNORD (NBRsNOESINACTNSI10BACN)
.00 20 N5=1sNSTATE
NG 30 NO=1,4088
MABK WO =HOR3=NO+1
NBRACN =L CPACNCNOTV YD)
ACNLOSSEXFTARCNSINOI®LOSTASCNSHNBRACN)
STALOS(NS)=STALGSINSI+ACNLOS
20 CONTINUE
STALOS (N &)= STALOS(“‘)NAPRIOR(VS)
STRLOS(NBR)2STRLOS (NRR)+STALOS(NS)
20 CONTINUE
IF- (SORTGeNSeYES) 69 TO 241
¢ ‘
C ®wxuxx SEGINNING OF WPHSHAQWNY SUPT FOR SORTED QUTPUT
c
NG 23 N=1,NEROUT
TF (STRLOS(N3IR)oLFoSTRSRT(N)Y 60 TO 2¢
IF (STRSPT(N)oNEoOo) GO TC 22
STRSRT(NI=STRL OKCN IR
MINSRT(N)=N3R
Ge T 21
. 22 CONTINUE
50 TO 21

76 DN 27 NN=MEROUTIN+1,-1
STRSRT(NNI=STRSRT(NN-1)
MINSRTC(NN)=MINSRT (NN=1)

¢7 CCMTINUE
STRERT(N)I=3TRLOS(NZR)
MINSPT(N)I=NER
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LT'~(U§IFEflC>H}Nt0§oF4?1 FRI 14-AUG=TD SetgaM RASE 124

"

[ iuniifagésrfluc LOSSFR,EY OFSFRVATION CATEGORYsSTO ZF Pt
c - . -
21 DO 25 NS={sNSTATF

STALDS(NS)= Uo

© 25 CONTINUE

. 106 CONTINUE

¢

C. »¥xx® TYPING QUTPUT HEADIMGSo

c
TYPE 1060 -

1060 FORMAT (IO 927X 5120 YES STP#T&GIES'//ZOY:'STRATFGY':7x"ACTION'9/x:
4 FLCSS1/.21%s WNUMBEST8Ys VORBERY//)
IF (aORTFQoCﬁoYEQ) 60 TO <0 .

LAS 2 2 NON-SORTED OUTbUIfQOUTINﬁ

OO0

Ne 80 I=1sNSTPAT
NER=1I :
AL AUNOPY CNBRINGESTNACTNS»TOEAC A). .
. TYPE KFORMTs NBRs(IONACN (NOBKHD) sNOBKND=NOES 91 9=1)9S TRISGSCI)
40. CONTIMUE
56 T0 95

wuuxk SORTEO OUTPUT RQUTIMNE

OO0

©0 00 41 I=1,NSROUT

NRR=MINSRT(I)

CALL ACNORD (NBRsMOBSsNACTNS»I0BACN)

TYPE KFORMTs NBRs» CJORACNC(NOSKND)sNUSKWD=NOESs1s =19 STRERTCL)
41 CONTIMUE

wwnuw QUESTIONING. AS TO WHETHER USER WOULD LIKE ANOTHFR TRY AT lTo

QOO0

5 TYPE 106F
1065 FORMAT (1090ULD YoU LIKE TO TRY APAINT (YES 0P NO)IV/)
ACCEPT 10705 AGAIN
1970 FOIMAT (A7)
IF (AGAINGNELYES) STAP
c
C wxwspw ZZROINR QUT ARRAYS FOR LNOTHER TRYe
c )
N0 54 I=1,N0%S
103ACNCIY=0
Ay CONTIMUE
Ne 6% I=1HNSTATE
STALOS(I)=do
APRIORCIY=D0 .
N0 65 J=1sN03S )
LOSTAB(LsJ)=00 . .
EXPTABS(IsJ)=00 S

e , s
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CUSAFZTACOMINLOSoFATL  FRI 14-AUG-72 E:igaM. FASE 135

66 CONTINUE
10 67 I=1;NSTRAT.
CSTRLOS(I)=de
. 67 CONTINUE
. IF (SORTFCoNSoYES) GO TG 48
o "0 68 I=15N8R0UT
STRSRT(ID=0o
. MINSRTCIY=0.
£8 CONTINUE
60 T0 S0
END

ia**q**x%*nu*vn*@iuunivr&***** ACNORT 0303 30000 2% 3606 9% W X0 596 %3 33 % %3 %

. THIS SUBROUTINE COMPUTES THE ACTION CRIER FOR FACH STRATEGY
NUKBRER AS KFCUIQFDo PARAMETFRS C(IN ORDS =R) ARE: STR&T Z6GY NUMREE,
NUMBER OF FOPSCAST CATEGORIES,. NUMBER OF ACTIONS FOR IN°”I4 AND
+CTION: :0ROER -ARRAY: -FOR: ONFP YT :

HANMMMMIN N IO RN NN NN NN DEFIMITONS M aamaciel da w0 M R MMM NN NN R R

OVIPNDG - DIVIDEND

ICRACN = ACTION OROMFR ARRAY

ICUQT - QUOTIENT

J - 00-L0OP COUMTEP AND INCEX
NACTNS - NUM3ER DOF ACTIONS

NED = STRATEGY NIUMEER

NORS - NUh?ER OF FORFCAST CATFGO?I:b

MURRBURN N RN WU R R AN NRRYP R OGR AM LISTING MM ok ¥un ¥k munnnny

COONNNCOOONONAOOO0O0OGH

SU3ROUTINF ACNORD (NPR:NOQSJVACTV 2102ACN)
INTEGFR OVIDNY
DIMENSION IORACN(CNOES)
10UeT=NEP~1
D0 13 J=41,N03S
"VIONR=IGUOT
IF (1QU0To%00e0) GO TO 9
INYCT=DVIPND/NACTMS
9 TC3ACN(UI=OVIONG-NACTNS*IQUOT+1
10 CONTINUE
RETURN
N2

R I T I R S R I T WM B I D NI TN U IR NI R YN MU NN K NW R ¥
‘ .

’
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Runukw PAYFS STRATECLES wndksw PAGE 1

ARE YOU EXPERIENCED? (YFS 0° NO)

- NO ‘ _ ‘

THIS PROGREM WILL COMPUTE -LONG-RUN. MINIMUM AVEPAGT LCSSES FOR

SFFCIFIC GPERATIONAL sSTRATEGIES (USAYES STRATESIES™) S ASED ON OPERA-

TIOMAL LOSS VALUES AND WEATHER GCCURRENCE PROEABILITIRSe THEZ INOUT
PARAMETERS ARE AS3.FOLLOWE: (1) THE MUMSFR 0’ ACTIGNS -AVAILARLE,

¢2.): THR NUMBER OF ORSERVATION CATEGORIRS U 30y (33 THE MUMOER OF
FORFCAST CATEGOPIES USFDs (U) THE OPERATIOVAL COST (LOSF) ENR <ACH
COMEINATION OF.ACTIONS AND 0BSERVATION CATFOORIFS: (53 THE CLIMATOLCG-
ICAL PRO3BASBILITY OF OCCURRENCE OF EMCH 0BS5S r'\"\IA'I'I(H\ CATEGORY: AND

(¢) TkT CONRITIGNAL PROBASILITY FOR EACH COMBINATION OF OBSERVA'ICN
ANN FCRECAST CATIGORIES (loFos THE PRORASILITY THAT A PARTICULAR FORE-
CAST AP I?SUED PIVEN THAT A PARTICULAR OBSERVATION CATESGRY

DCCURRE() o

THE TNRUT FOINATS ARE A8 FOLLEOWSS: ¢2)9: (29 AND.(F):- -SHOULD- RE
TYPFD AS ONE UI&IT INTERERSS (UYy (5)p AND €6) ‘SHOULD BF TYPED AS
THRFE DIGIT REAL VUMSER° (IMCLUGING DECIMAL POINT INSERTER AS
APPROPRIATE=~=0s 15 25 O T DIGITS TO THE RIGHT OF THE S0I4T)o
TYPF CAFRIAGE RFTURN AFTIR TYPING EACH IWPYUT VALUEe THF MAXINUM

NUMPER ALLOWED FOR EACH OF C1)s €2)s AND (3) IS wEw,

CUTPUT COMMENTS ® THE ACTION ORMER IS A SEOUENCE OF NUMEERS TC B¢
INTERPRETED AL FOLLOWS? THE NUMPER IN TH: LEFTMOSY FOSITION OF THE
CEQUENCE REPRESENTS ‘THAT ACTION TO 8 TAKEN IF THE FIRST FORECAST
CAYFGORY IS FURECASTo °THE MUMAER IN THE FOSITION IMMEOIATSELY TO THE

RIGHT OF THE FIRST FOSITICN IN THE SEGUEWNCT REPPESFNTS THAT ACTION

TO PE TAKEN IF THE EECOMD FORECAST CATFGORY 1S FORECASTH AND 50
ON§ UNTIL THE NUMBER IN THF RIGHTMOST POSITION OF THE SFQUENCE
RECRESENTS THAT ACTION TO RF TAFEN IF THE LASY FORECAST CATEQQRY
IS FOPSCASTe THE ACTICM ORNER THUS BECOMES A STRATESY (Ioco: A
SET OF RECISION QULFS) FOR THE GECISION-MAXERoO

R0OTS GF RURK I

NUo GF ACTIONS =
x

-

NCo OF 038 CATFCORIFS =
2

(4

NGo OF FCET CATEGORIES =
5 _
ATCH 2

R - -




LORSES CINCLUDE JECIMAL FCINT) S

(1515 =

2%

(152) =

200

(1,7) = o

6’0( . i ' " . ) t
(221) =
yiio

292y =
250

(293
éin

1]

CLINE PROSADILITIESH

.

(1) =

0ld

(2) =

o6

CONDITIONAL PROBABILITIFSS

(1s1)
047

(1,2)
08X

"

(2+1)
005

]

(2+?)

09

[

PAGE 2:1

A ™ W S




PAGE 2;2

00 YOU WANT THF STRAJEGIES SORTED RY LOS5, AND EISLTFD IN ASCLNDING
ORDER? -CYFS QR NO)
NG

N

PAYES STRATFRIELS.

STRATEGY ACTioN LDSS
NUMRER ORDER

1 e 16,05 9

< R 12 - 24 o 2F
o ? 12 1280
u 21 1. #75%

L 22 ?230U5

6 23 11097

7 31 1Xe23

e 32 200%3

€ 32 GolS

43ULD YOU LIKE TO TRY ACAIN? (YES OR NO)
YES

NOo OF ACTIONS =
3

NOo OF C3S CATEGORIES
2 .

NGo OF FCST CATEGORIES = d
2 *

LOSSES C(INCLUDE DECIMAL POINT):

it

(1s1)
290 . h

(1+2)
200

(1,%)
6o

(2s1)
110

n




WIS -~

(2s2)
250

U]

PAGE 2:3

(2:3%)
' 114

CLIME PROBABILITIES:

(1)
031

(2)
069

CONDITIONAL PROCABILITIFSY

(1,1)
47

(1,2)

057

n

(211)
005

(2+7)
75

]

D0 YOU WANT THE STRATEGIES SORTFD 8Y LCSSs AND LISTFD IM ASCENDING
0ROER? (YES 0% NO)
YES

HOW MANY STRATEGIES WOULD YOU LIKE LISTFO?
(2-01517 INTEGER-~MAX IS 50)




SAYFS

STRATEGY
NUME =R

6

-4’9

O N O

STRATEGIES

ACTION
OROE®

33
23
13
31
21
i1
32
22
12

WOULD YOU LIKE-TOQ TRY AFAIN? (YES o” NO)

NO

CPUl TIMF: 7096 ZSLAPSEN TIMES 5:33000
NO FXECUTION ERRORS DETFCTEN -

EXITo
+C

LoES

94"
11697
12080
17027

1Re7%

1helR
20653
2F 4%

24028

EAGE 2:4
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